Lyme borreliosis, an infection caused by the tick-borne spirochete Borrelia burgdorferi, is a major health problem for populations in areas of endemicity in the Northern Hemisphere. In the present study we assessed the density of ticks and the prevalence of B. burgdorferi sensu lato among ticks in popular urban recreational areas of Helsinki, Finland. Altogether 1,688 Ixodes ricinus ticks were collected from five areas located within 5 km of the downtown section of Helsinki, and 726 of them (303 nymphs, 189 females, and 234 males) were randomly chosen for laboratory analysis. The midguts of the ticks were divided into three pieces, one for dark-field microscopy, one for cultivation in BSK-II medium, and one for PCR analysis. Ticks were found in all the study areas; their densities varied from 1 to 36 per 100 m along which a cloth was dragged. The rate of tick infection with B. burgdorferi sensu lato varied from 19 to 55%, with the average being 32%. Borellia afzelii was the most predominant genospecies in all the areas, and no B. burgdorferi sensu stricto isolates were detected. Only two ticks were concurrently infected with both B. afzelii and Borrelia garinii. Dark-field microscopy gave more positive results for B. burgdorferi than did cultivation or PCR analysis. However, the agreement between all three methods was fairly good. We conclude that Lyme borreliosis can be contracted even in urban environments not populated with large mammals like deer or elk. The disease should be taken into account in the differential diagnosis of certain symptoms of patients from these areas, and the use of measures to improve the awareness of the general population and health care officials of the risk of contracting the disease is warranted.
Lyme borreliosis is currently the most important vectorborne disease in the developed countries of the Northern Hemisphere. In Europe, the disease is most common in central and eastern territories, where annual incidences of over 300 per 100,000 people have been reported (36) . Since 1985, different clinical manifestations of Lyme borreliosis have been reported in Finland, and the number of patients with late Lyme borreliosis reported annually has varied between 300 and 450 (22) . Epidemiological studies conducted in the southern archipelago of Finland show an annual incidence of about 200 new cases of Lyme borreliosis per 100,000 people (24) .
The disease is caused by a spirochete, Borrelia burgdorferi. B. burgdorferi sensu stricto is the dominating genospecies in North America, whereas several different genospecies of B. burgdorferi sensu lato can be found in Europe (2, 10, 34) . In Finland, Borrelia garinii and Borrelia afzelii appear to be the most prevalent species (14) .
Ticks of the Ixodes ricinus group are the most important vectors of B. burgdorferi. These ticks have been found in a wide variety of European habitats. In Finland they occur from the south coast, especially in the southwestern archipelago, up to the border of Lapland in the north (23) . Ubiquitous small rodents, Clethrionomys glareolus and Apodemus flavicollis, are suspected of being the most important reservoir animals for B. burgdorferi, while large or medium-sized mammals are considered necessary for maintenance of the tick population (12, 13) . Most studies of the prevalence of infected ticks have been conducted in rural or suburban settings known to harbor both rodents and larger mammals. In Europe the reported mean rates of unfed I. ricinus ticks infected with B. burgdorferi vary from 0 to 11% (mean, 1.9%) for larvae, from 2 to 43% (mean, 10.8%) for nymphs, and from 3 to 58% (mean, 17.4%) for adults (11) . The risk of acquiring borrelia infection in urban environments has generally been neglected, and studies on the rates of infection of ticks in heavily populated urban or suburban areas are limited in number (19, 20, (25) (26) (27) . However, suitable habitats for ticks are known to exist in cities (6, 9, (15) (16) (17) 33) .
The main objectives of this study were to estimate the density of I. ricinus ticks in popular recreational areas of Helsinki, Finland, and to estimate the prevalence of borreliae in these ticks. In addition, the occurrence of different B. burgdorferi genospecies in the areas was studied, and three different methods of detecting borreliae in ticks were evaluated.
MATERIALS AND METHODS
Study areas. Eighteen of the most popular recreational areas in and around the city of Helsinki were screened in a pilot study during the summer of 1995 by the same sampling method used in the present study. Five areas representing the highest tick densities (Table 1 ; Fig. 1 ) were chosen for study during the summer of 1996. All the areas were located within a radius of 5 km from the center of Helsinki, and the estimated number of annual visitors to the areas is 1.4 million (5).
Estimation of tick density. Ticks were collected during 20 visits to the areas between 17 May and 9 August 1996. They were caught by dragging a 1-m 2 cotton cloth through the vegetation. The number of ticks attached to the cloth was counted every 5 m. Dragging was performed along randomly chosen lines with a length of 100 to 200 m per each sampling day and area. The counts of larvae, nymphs, females, and males were recorded, as was the length of the drag. Tick density was expressed as the number of ticks caught per a 100-m drag. Ticks were placed individually in sterile 1.5-ml Eppendorf tubes containing a moist piece of paper and were stored at 4°C until they were prepared for further study.
Tick preparation. Altogether, 1,688 I. ricinus ticks were collected, and 726 of them (303 nymphs, 189 females, and 234 males) were randomly chosen for the laboratory analysis. No external disinfectants were used during the preparation of the ticks. The ticks were stored for a mean of 25 days (range, 7 to 54 days), and 154 of the ticks died during storage. The midguts of the adults and nymphs were removed under a stereomicroscope and were placed in a drop of BSK-II medium with small sterile forceps, a disposable 28-gauge needle which was used as a scalpel, and sterile insect needles. Each midgut was divided into three equal parts. One portion was examined immediately under a dark-field (DF) microscope, another portion was inoculated in BSK-II medium, and the third was reserved for DNA purification. Because the viability of ticks was suspected to affect the results of all the methods, the vitality of each tick was recorded for further statistical analyses.
DF microscopy. One of the three parts of the tick midgut was placed on a microscope glass in a drop of BSK-II medium and was covered with a cover glass. The number of spirochetes in the midgut sample was estimated by DF microscopy (Laborlux D; Leitz, Nürnberg, Germany) by examining 100 fields at a magnification of ϫ400. Typical movement, morphology, and size were used as the identification criteria for the borreliae.
Cultivation. The samples were inoculated into tubes containing BSK-II medium supplemented with rifampin (100 mg/ml) and phosphomycin (50 mg/ml) and were incubated at 30°C for 8 weeks or until growth was detected. The growth medium was examined by DF microscopy every other week. If growth appeared, the cultures were passaged into new tubes containing BSK-II medium without antibiotics.
DNA extraction. DNA was extracted from the processed ticks with the InstaGene DNA extraction matrix (Bio-Rad Laboratories, Hercules, Calif.). A total of 200 l of the matrix was added to the sample, and the mixture was incubated at 56°C for 30 min. The specimen was then mixed for 30 s, incubated at 100°C for 8 min, mixed briefly, and centrifuged at 13,000 rpm for 3 min (Biofuge 13; Heraeus Instruments GmbH, Haman, Germany). Five microliters of the supernatant was used in the PCR analysis.
PCR amplification. The nested PCR was carried out by the method described by Schmidt et al. (29) , which is based on the flagellin gene. The 50-l reaction mixture contained 50 mM KCl, 1.5 mM MgCl 2 , 10 mM Tris-HCl (pH 8.8), 0.1% Triton X-100, each deoxynucleoside triphosphate (Pharmacia Biotech, Espoo, Finland) at a concentration of 200 mM, 20 pmol of the outer or inner primers, and 1 U of DynaZyme DNA polymerase (Finnzymes, Espoo, Finland). In the first PCR, outer primers BBSCH31 and BBSCH42 were used. It consisted of an initial denaturation at 95°C for 1 min, denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s. The procedure was repeated 25 times, and the final extension was done at 72°C for 10 min. Five microliters of the amplicon from the first PCR was used as the template in the second PCR, for which primers FL59 and FL7 were used. The second PCR analysis was carried out for 35 cycles by the same procedure used for the first PCR, except that the annealing temperature was raised to 58°C. The final 277-bp PCR products were visualized by 1.5% agarose gel electrophoresis.
Identification of the positive cultures by PCR. The spirochetes grown from the ticks were identified to the species level by the PCR method developed by Marconi and Garon (18) and based on amplification of the 16S rRNA gene. DNA was extracted from the cultures by the InstaGene procedure described above. The samples were amplified with four sets of primers. The primer sets were specific for B. burgdorferi sensu lato (LD primers), B. burgdorferi sensu stricto (BB primers), B. afzelii (VS461 primers), and B. garinii (BG primers). The PCR mixtures consisted of the components described above. For the LD primers, 40 cycles of denaturation at 94°C for 1 min, annealing at 47°C for 30 s, and extension at 72°C for 1.5 min were carried out. For the other primers, the PCR procedure was the same, except that the annealing was performed at 42°C. The resulting PCR products were visualized by agarose gel electrophoresis.
Confirmation of double infections by sequencing. The samples that gave ambiguous results in PCRs specific for B. afzelii and B. garinii were further analyzed by PCR-based sequencing of the flagellin gene. A 277-bp product was obtained by using primers FL7 (biotinylated) and FL59. The biotinylated PCR products were rendered single stranded with streptavidin-coated Dynabeads according to the instructions of the manufacturer (Dynabeads M-280 with streptavidin; Dynal AS, Oslo, Norway). Manual sequencing was performed by Sanger's dideoxynucleotide chain termination method and with Sequenase 2.0 (United States Biochemical Corp., Cleveland, Ohio) as described previously (31) . The sequences that were obtained were compared with the flagellin gene sequences of the type strains B. afzelii Bo23 and B. garinii 387.
Statistical methods. The student edition of Statistics, version 4.0 (1992; Analytical Software, Torrance, Calif.) was used for all the statistical analyses. A chisquare analysis was used to test the association of borrelia prevalence and subspecies distribution with the sampling area, developmental stage, and viability of the ticks. After the preliminary association tests, log-linear modeling was applied to control the interactions of sex, area, and borrelia infection, as well as the possible confounding effect of the viability of the ticks.
The independence of the occurrence of B. garinii and B. afzelii in ticks was tested by Fisher's exact test. Furthermore, the expected number of mixed infections was calculated under the null hypothesis that both infections can persist independently of each other in the reservoir animals.
Tick densities were assumed to follow a Poisson distribution, and pairwise comparisons between the areas were made under this assumption.
The agreement between different methods of detecting borreliae (DF microscopy, culture, and PCR analysis) was expressed as kappa statistics, and the disagreement was evaluated by McNemar's chi-square test. The sensitivity and predictive values of each method were estimated from the results of the other two methods in parallel, which were the "gold standard."
The prevalence at which B. burgdorferi sensu stricto could occur in the study area and still have escaped our sampling was estimated by applying the formula described by Cannon and Roe (4).
RESULTS
Tick densities in survey areas. Altogether, 1,688 I. ricinus ticks were collected from the study sites. The tick densities varied from 1 to 36 ticks/100 m ( Table 1) . Two of the areas (Seurasaari and Lehtisaari) had significantly higher densities than the others; Pihlajasaari had the lowest density. Nymphs and larvae were more abundant in Seurasaari and Lehtisaari, which partly explains the density differences.
Prevalence of ticks infected with B. burgdorferi. Of the 1,688 ticks, 726 (303 nymphs, 189 females, and 234 males) were randomly chosen for the laboratory analysis. The infection rate for the ticks varied from 19 to 55% (Table 2) ; the overall mean was 32% (234 of 726 ticks). The infection rate was significantly associated with area (P Ͻ 0.001) but not with the developmental stage or viability of the ticks (P ϭ 0.06 and P ϭ 0.19, respectively). The log-linear analysis supported the results of the simple chi-square tests. The final model was STAGE ϩ VIABILITY ⅐ AREA ϩ AREA ⅐ RESULT. The goodness of fit for this model was reduced from a P value of 0.48 to a P value of Ͻ0.01 if any term was removed. Furthermore, the addition to or change of any second-order term in the model did not increase the P value over a maximum of 0.50.
Therefore, when the uneven distribution and possible confounding effects of developmental stage (sex) and tick viability are taken into account, the infection rates differed significantly between the areas. Neither developmental stage nor viability affected the infection status of the tick.
Simple chi-square tests indicated that genospecies was independent of both sampling area and developmental stage (P ϭ 0.14 and P ϭ 0.34, respectively). However, because the sampling model resulted in uneven numbers of nymphs, males, and females from each sampling area, the possible interactions between these three factors could not be resolved by two-dimensional chi-square tests. In order to control and evaluate these interactions, we used log-linear modeling. The best-fitting model (P ϭ 0.40) was STAGE ⅐ AREA ϩ GENOSPECIES ⅐ AREA.
This model indicates that although B. afzelii is predominant in all areas studied, it is significantly more prevalent in some areas than in others. The interaction term of developmental stage and genospecies is not needed. On the contrary, it slightly reduces the goodness of fit if it is added to the model. In other words, simple chi-square analysis could not detect the association between genospecies and area because of the confounding effect of developmental stage.
B. garinii and B. afzelii were detected concurrently in only two adult (one female and one male) ticks. If these two genospecies were assumed to exist independently in the reservoir population, the expected number of mixed infections would be 5.1. If the number of typeable strains (n ϭ 142) is chosen as a denominator in the calculations, the expected number of mixed infections increases to 25. The observed number is significantly smaller than the expected number in either case when assessed by Fisher's exact test (P Ͻ 0.001).
At least one tick infected with B. burgdorferi sensu stricto would have been detected with a probability of 99% if this genospecies had been present in the study areas at a minimum prevalence of 0.6% (4). It can be concluded at a reasonable level of confidence that B. burgdorferi sensu stricto was missing from the study areas.
Comparison between methods used to detect borreliae. From the agreement (kappa statistics) between the results of DF microscopy, cultivation, and PCR analysis (Table 3) , the kappa values for all three comparisons indicate fairly good agreement. The kappa values for comparisons of cultivation and DF microscopy, cultivation and PCR, and DF microscopy and PCR were 0.59, 0.53, and 0.57, respectively (P values were Ͻ0.001, 0.380, and Ͻ0.001, respectively, by McNemar's chisquare test). The discrepancies between culture and PCR methods were numerous (N ϭ 105), but they were symmetrical and therefore not statistically significant (Table 3) . DF microscopy gave significantly more positive results than either culture or PCR analysis (P Ͻ 0.001 and P Ͻ 0.001, respectively).
The ticks that showed a positive result by DF microscopy but a negative result by either PCR analysis or culture were found to harbor only a few spirochetes by DF microscopy. Ticks alive at the time of preparation were more often positive than the dead ticks when they were tested by culture (21 versus 14%) or DF microscopy (28 versus 21%), although the difference was not statistically significant at the 95% confidence level (P ϭ 0.051 and P ϭ 0.066, respectively). The PCR results were not affected by the viability of the ticks (P ϭ 0.93).
DISCUSSION
This study shows that a considerable risk of contracting a borrelia infection can be present in an urban environment, and therefore, a large human population can be at risk. Both the density of vector ticks and the prevalence of borreliae in these vectors were higher than expected in light of previously published studies (1, 3, 9, 21, 27, 30, 33) . These observations indicate a need to take Lyme borreliosis into account as one possible differential diagnosis even for patients without a history of a visit to rural areas of endemicity. In addition, the predominance of B. afzelii and absence of B. burgdorferi sensu stricto may affect the clinical picture of Lyme borreliosis in this area.
The presence of large mammals has been considered a prerequisite for Lyme borreliosis in an area of endemicity (7, 8, 32) . Our observations are in dispute with these presumptions and confirm the suspicions raised by previously published re- sults (13) . None of the study areas was known to be populated by deer or elk. The most numerous mammals are small rodents (Apodemus flavicollis, Apodemus sylvaticus, and Peromyscus leucopus) and insectivores (shrews and hedgehogs), with the largest ones being the hare (Lepus timidus). The areas where ticks were most abundant were also the most capable of supporting a permanent hare population.
Official statistics of the National Public Health Institute of Finland show that the incidence of late manifestations of Lyme borreliosis is twice as high in the district of Helsinki as in the surrounding, more rural areas (13 versus 6.6 cases per 100,000 inhabitants, respectively) (22) . These incidence figures may be biased. However, if a bias existed, it should affect Helsinki and its surroundings in a similar manner and should therefore not explain the observed difference. This difference suggests that our findings also have relevance for the occurrence of Lyme borreliosis in the area.
The observed distribution of genospecies is in agreement with the results of earlier studies performed in Finland and Russia (14, 28) . B. burgdorferi sensu stricto has been detected only in the southwestern parts of Finland, and the prevalence of B. garinii seems to increase toward the eastern border. The untypeable spirochetes could possibly represent new genospecies, but further studies are needed to confirm their identities.
If all reservoir animals were equally and nonexclusively favorable hosts for both B. afzelii and B. garinii, the expected number of mixed infections would be significantly higher than the number observed in this study. The low number of concurrent infections suggests that these two genospecies favor two distinct reservoir animal populations. Because these genospecies did, however, coexist in two adult ticks, significant competition between them in culture media or tick tissues is unlikely. The total lack of B. burgdorferi sensu stricto may indicate that there are no suitable reservoirs for this genospecies in the areas studied.
DF microscopy, culture, and PCR analysis have all been used in studies on the borrelia infestation rates of ticks (35) . However, extensive comparisons between these methods have not been available. According to the present study, DF microscopy seems to be the method of choice in surveillance studies, with culture and PCR analysis being complementary in nature.
We conclude that dense populations of I. ricinus ticks heavily infested with B. burgdorferi can exist even in urban environments not populated with large mammals like deer or elk. Inhabitants and health care officials of cities should be made more aware of the risk of contracting Lyme borreliosis in parks or other recreational areas harboring infected ticks.
